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Accelerated iterative nonlinear analysis is achieved by primarily 
requiring stress convergence and enforcing displacement equilibrium 
through the use of pseudobalancing forces after the stress con- 
vergence at the load stage. Incremental perfect-plasticity modelling of 
material loading characteristics is made, and this enables stresses on 
intermediate-yield surfaces to be held constant on such surfaces 
within iterations at any given load level. The procedure accelerates 
stress convergence in a Newton-Raphson solution modelled by the 
use of the initial stiffness. Emphasis has been placed on reinforced 
concrete, despite the generality of the formulation. An example of a 
beam and slab is analysed. 
Keywords: stiffness, finite elements, elastoplasticity, acceleration, 
modelling, convergence 
Introduction 
Despite extensive studies in elastoplastic problems over 
the past two decades, a formal acceleration method that 
can handle associated and nonassociated flow rules has 
yet to be found. The cc-accelerator showed promise1 
with materials exhibiting associated flow rules, but it is 
unsuitable’ for low-tension materials. 
Recognising the practical importance of acceleration, 
several investigators, though not putting forward formal 
acceleration conditions, have recommended solution 
strategies aimed at reducing cost. Cook3 described an 
Euler solution assisted by a single Newton-Raphson 
correction at each load level. Phillips and Zienkiewicz’ 
tried a mixed-variable-constant-stiffness analysis for 
reinforced concrete. Duncan and Johnarry4 achieved 
acceleration by focussing on stress convergence, which 
resulted in incomplete displacement convergence, in 
agreement with the practical time-dependent nature of 
the deformation. 
In the Euler nonlinear scheme, discrepancies in 
stresses and displacements are ignored, resulting in stiff 
predictions. An iterative analysis by the Newton- 
Raphson method is concerned with these discrepancies, 
but in the process stability and convergence difficulties 
are often met,“O and in the face of such difficulties 
only approximate solutions are found. 
In formulating an acceleration principle, we must first 
recognise that in the elastoplastic situation displace- 
ment equilibrium is never perfectly satisfied in the short 
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term due to factors such as creep and relaxation in the 
component materials. By enforcing a primary con- 
vergence criterion, such as that based on stress limits 
(yield condition is nowhere violated), and expressing 
any discrepant force-equivalent of out-of-balance plastic 
strains as a supporting force needed to provide tempo- 
rary displacement balance, we can achieve acceleration. 
This is basically the philosophy in Ref. 4, and what 
follows now is a formalisation of the stress-based 
primary convergence criterion together with a new 
initial stiffness representation of the tangent stiffness 
analysis. 
Stress convergence is accelerated by incremental 
perfect-plasticity modelling of an otherwise continuous 
hardening stress-strain curve through the use of 
intermediate-yield surfaces according to Hand et ~1.~ 
and Chen and Chen.” In practice, constant stresses (a) 
are enforced on intermediate-yield surfaces within iter- 
ations and when the yield condition is nowhere vio- 
lated. All stresses are held constant while the 
displacement equilibrating forces at the load stage are 
computed. These practices qualify the technique as O- 
constant acceleration. 
Acceleration formulation 
Through the use of intermediate-yield surfaces on which 
there exists temporary perfect plasticity (Figure I), the 
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Figure 1 Elastic, total strain modelling 
relation 
(&,/a++ = 0 (la) 
holds on any such surface, where -)+ stands for the 
normal to a yielding surface. By (la), for iteration at 
constant applied loading, we can write the following 
equations for a yielding layer in direction q, say: 
AepS4 N AE,, d N Oy,int (1’4 
Agr,.int = 0 (14 
From (lb), using effective values and for small loading 
steps, we have 
AEp N AZ (ld) 
so that 
AC, = AE (le) 
(le) implies some overrelaxation for finite-load 
increments, but it has the great advantage of allowing a 
whole layer of an element, rather than one direction in a 
layer, to be dealt with. The enforcement of (la)-(le) will 
always lead to acceleration in a representative Newton- 
Raphson model. 
Convergence of iterations 
The condition of convergence of iterations is met, pri- 
marily, if all stresses are less than the current 
intermediate-yield values for the different locations, 
d G by,int (2) 
and, secondarily, if the effective ratio of incremental dis- 
placement o total displacement is too small: 
- - 
Ad/d < (Noise), N 0.001 (3) 
The acceleration conditions in (1aHle) greatly 
enhance the achievement of the convergence criterion in 
(2) or (3). 
Formal convergence premise 
Deformation in material nonlinearity can only be 
approximated, because it is never perfectly stationary 
with respect to time for a constant applied loading. 
Therefore, stress convergence is generally to be aimed at 
first. Forcing displacement equilibrium where there is 
none calls for an additional supporting force or bal- 
ancing stiffness. When such a pseudo-supporting force 
grows to the level of the applied loading along with 
other lost-stiffness forces, the load-displacement relation 
becomes independent of the applied loading; this marks 
the end of the useful carrying capacity of the structure. 
Solution scheme 
Initial stiflness (K,) model of the tangent (K,) method 
Incrementally, 
K, Ad = AR (4) 
For global equilibrium, 
K,d=R-K,,,d (5) 
where Kba, is, as indicated in Figure 2, a balancing 
stiffness, enforcing displacement equilibrium so long as 
K, is positive definite. From (5), 
Ad = di - di_l (6) 
Aa = EC,, AE (7) 
where E = E/(1 - v”) for a continuum and the initial 
case for C,, is C,, since 
Co=[8 8 +(l!J 
Thus (4) can be dispensed with. Defining Klost as the 
cumulative lost stiffness due to cracking and plastic 
action, we get 
K = Ko - Kost 
When we set 
(8) 
FM = K,,,d (9) 
and 
FM = Klost d 
(5) becomes 
(10) 
Kod=R+F,,-F,,, (11) 
Fbal is the out-of-balance, plastic-strain force at stress 
convergence, which is required to enforce displacement 
convergence within iterations. 
Rearranging (11) for load level 1 and convergent iter- 
ative solution j,, we have 
F bal.1 = R, + F,/c,,,jc- I + F,,,,,jc 
- 4 - Fakr,j,- I + Fbal.l- I (12) 
or 
F ba1.I = AF,,,,,jc + Fbal,l- I (13) 
a 
Figure 2 Solution scheme 
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In this way Fbal is completely contained in F,,. So 
FM ’ FM (144 
Loading in the presence of the existence of previous 
yield history makes, at a load level 1, 
AF b&l ’ o (14’4 
even when new yield surfaces are not formed at the bad 
stage. 
Generally, 
K lost = 1 AK,ost (15) 
Also 
K = B’DB (16) 
where D is the usual depth-integrated constitutive elas- 
ticity matrix and B is the usual position/area matrix. 
Due to yield, 
AK = AK,,,, = BT ADB + 2BTD AB (17a) 
Identically, 
AK = AK, + AK, (17b) 
K, represents straining at constant stress as in plastic 
deformation, so K, may be called the “plastic- 
relaxation matrix.” So when l p > 0, AK, > 0. Although 
existing methods do not consider AK, explicitly, the use 
of body forces formed from plastic strains represents 
another use of AK,. This is seen from 
AFLp = 1 BT 
s 
EC, AE~ au (184 
(18’4 
= [AK,] Ad (18~) 
where BE,, = J, AE. 
When the plastic-relaxation stiffness is taken to be 
entirely due to the action of plastic strains, we have 
AK, = AK, (19) 
For symmetric conformity, AB in (17a) can be written 
AB = PB (20) 
From (19) and (20), /? can be found if needed, provided 
J, is determinable : 
/? = 35, (21) 
To find J, in (18b), we use the Prandtl-Reuss rela- 
tions and the yield conditions : 
Acp = {%/&}’ AZ, (22) 
0 = (0; + 0,’ - O,(TY + 3a&)“2 (23) 
From 
AE,, = BE - AE, (24) 
we have 
Ao = C,{Ae - Aep} = C,, AE 
and 
Aa = {&/&}’ Ao 
(25) 
(26a) 
Figure 3 Stress-strain form 
Substituting (25) into (26a) gives 
AC = (&?/&}=C,{AE - (Z/&r}’ AZ,} 
From experiment, 
(26b) 
Aa = H Aep 
From (27), (26b), and (22), Aep = J, AE, where 
(27) 
J = {acT/aa}{acT/ao}TC, 
’ H + {&7//aa)TC,{~i+a} (28) 
Substituting these relations in (25) gives 
C,,=C,,-COJp (29) 
A more practical expression for J, that satisfies the 
bounding conditions on the plastic strains is, from (29), 
J, = C, - C,, (30) 
where we used the approximation, 
C,J, N J, 
which is exact in the uniaxial situation. 
Since the stiffnesses are proportional to the energy 
levels for any given level of deformation, another practi- 
cal expression leading to the plastic-relaxation matrix is 
AK, m AWp., 
A= A wp., 
K O,m W e,m = W, - 1 AW,,, 
(31) 
where K,,, = initial element stiffness matrix 
W,,, = elastic energy in an element 
AW,,, = incremental plastic work in an element 
W, = total energy in an element 
and 
AWpm = Of Aep au, 6 ' by.0 (32) 
(33) 
where 5, is the effective representative stress such that 
the hatched nonlinear portion in the (T-E curve 
(Figure 3) is included in the energy evaluation. It can be 
shown that 
0, = q1 + ip,,) (34) 
where the nonlinear degree pn, is defined as 
Pnl = FballR (35) 
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Further controls Basic program features 
Local stress equilibrium 
For each element, 
(36) 
-h/2 -h/2 
where o0 is applied initial stress, such as prestress. 
When (36) is not satisfied, discrepant stresses are pro- 
portionately redistributed directly to the layers of the 
element to satisfy (36). More details of the use of this 
device to ensure that correct ultimate loads are predict- 
ed are in Ref. 4. 
Failure condition 
From (4), 
Cmkt = 0 (37) 
From (5), and this is more relevant in the present devel- 
opment, 
K,,,d = Fbal = R (38) 
Two force systems are taken to be equivalent if their 
potentials, measured on a common basis, are equal. 
That is, 
d&9’,,, = d;R (39a) 
or, more simply, 
dTFba, = dTR (3W 
Also 
~ni = dTF,,,IdTR (39c) 
So a structure is considered to have failed if ~,,i is 100%. 
Storage problems 
Storing both K, and K,,,, can be demanding under 
limited storage - facilities:V”-To remedy this, 
approximately compute lost stiffness forces 
element level at the instant of the incremental 
losses : 
we can 
at the 
stiffness 
The correction factor p is necessary because 
(40a) 
(40b) 
the dis- 
placement used in (40a) is that existing when AKlost 
occurs, rather than the required current total displace- 
ment. 
Generally, 
p = d-0,/~ nCW-1 (41) 
Implementation 
Any accurate finite element may be used. The present 
results have been obtained from an existing program12 
with appropriate modifications. Basically, in-plane and 
bending effects were coupled through the constitutive 
matrix according to Hand et al.’ Thus, for strain in the 
x-direction, say, 
E, = au/ax + z(aZw/ax2) (42) 
1. R=R+AR. 
2. K,d = R + F,, - Fba,. 
3. Ad, = d, - d,_,. 
4. Form AE, E, Ao, IJ. 
n3. In positions with yield or cracking history, form 
AF,, = AK, Ad F,, = F,, + AR,, 
n5. In current yielding and cracking positions, form 
AF,, = AK,d FM = FM + AF,, 
n, . If no new yield situation at all locations, 
AF,,, = AR,, Fba, = Fi,ai + AR,,, 
andgotol. 
ng . If no stress convergence, go to 2. 
ng3. If failure condition is not met, go to 1. 
ngg9. STOP 
From n3, n5, and Its we see that F,, will always be 
much greater than Fbal because AF,,, is only formed 
after all stresses are in the below-yield situation at the 
load stage, and F,, comprises Fba, and other forces. 
Tests 
Initial test problems, investigating aspects of the 
program, included (a) a beam (Pi3) in reinforced con- 
crete and loaded at every third points, with simply sup- 
ported ends (the problem was examined in Refs. 4 and 
12, but the original test was done by Mukhopadhay and 
Sen13); (b) a skewed reinforced concrete slab (Pi) of Ref. 
12, loaded with a central concentrated load and having 
opposite sides simply supported. 
Case (i) Load increment (AR) size and solution 
speed: Since the previous stiffness is used to start the 
solution for the current load stage, AR should be very 
small. It is also important that AR be distinguishable 
from the defined noise level. Generally, a variation of 
AR from O.O5R,, to 0.20R,,, where R,, is the cracking 
load, has been tried by investigators. It can be imagined 
that the iterations will increase with AR, although the 
overall solution cost should decrease as AR increases, 
the saving being achieved at the expense of stiffer pre- 
dictions. The use of AR = O.lR,, and AR = 0.2R,, is 
shown in Table 1 for slab Pi. Both loading rates 
required two to three iterations per load stage, although 
Tab/e 7 Load increment size and extent of iterations for skew 
bridge slab P, in Figure 4 
Load Total load Average 
increment increments to Total iterations 
Model S?,.. serviceability iterations per increment 
Present 
fi = 0.2 8 23 2.875 
C=O.l 16 43 2.688 
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R ,Kn 
Y 2 I I10 
I / ‘d’ at I noda-2L’ mm ’ 
Figure 4 Test slab P, 
the 0.2R,, rate required about 7% more iterations. order of accuracy for the given loading rate. It is also 
However, the displacement prediction in the O.lR,, case clear that the present scheme has a greater scope for 
is slightly more accurate, as shown in Figure 4. improvement as the loading rate is reduced. 
Case (ii) Relating to the modified Newton-Raphson 
method (MNR): The MNR is characterised by the 
iterative cycling of statically unbalanced force residuals Example 1 
A beam-and-slab deck14 under uniform pressure 
loading is shown in Figure 6. Diaphragms were absent, 
and the structure represented a fifth-scale model of a 
footbridge in reinforced concrete; limiting material 
stresses in N/mm2 arefc, = 24,f,, = 3OO,f,, = 2.5. 
P res . P 
P,,, = R - c B= 
J 
G &I (43) 
vol 
and 
Ad,,, = K, 1 f’,,, (44) 
The convergence requirement is as defined in (3). Before 
the elastoplastic level, (43) should be tested for a purely 
elastic situation. For the stated noise level it was 
found” that 10 to 20 iterations were necessary for eco- 
nomic grid sizes, yet the initial displacements and 
stresses were satisfactorily predicted for the critical posi- 
tions. In the elastoplastic phase the iterations increase, 
and this is aggravated by nonmonotonic possibility in 
(43). For the P,, beam problem, with AR = 0.2R,,, the 
specified maximum number of iterations of 20 per load 
stage was always exhausted for the MNR method, so, as 
shown in Table 2, after 17 load increments 340 iter- 
ations had been made with the MNR and only 44 with 
the o-constant acceleration method. As shown in 
Figure 5, the present method is the slightly stiffer of the 
two, although both methods are clearly of the same 
Table 3 shows the iteration details confirming accel- 
eration in an analysis extending beyond the service- 
ability limit of the structure. The maximum number of 
iterations required at any load level was only 4; on 
average there were only 1.33 iterations per load 
increment over the 48 load increments (a few outputs 
have been omitted in Table 3) in the computer load 
applications. The regular loading rate of O.lR,, was 
reduced to O.O25R,, when reinforcements started to 
yield. The experimental ultimate pressure was 0.019 N/ 
mm2, but the analysis was discontinued after a load of 
0.0154 N/mm2, at which point F,,Jl? was 0.83. Yielding 
of tension steel was detected by the analysis at a load of 
0.0144 N/mm2 in the beam under element 34 and subse- 
quently in element 31 and others. 
At 0.0154 N/mm2 a total of 116 cracks had been pre- 
dicted together with over 50 intermediate-yield surfaces 
in compression in addition to the actual yielding of steel 
in a few locations at the bottom of the beam webs. The 
displacement prediction is shown in Figure 6(b), indicat- 
I 
R , Kn 
GO 
1 ,L 18 
‘d’ at’ mid-span mm 
Figure 5 Test beam P,, 
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R 
.ozo - 
b 
I 1D 10 JO 
‘d’ at node-13 mm 
-010 
4 
“car node-13 
figure 6 Beam and slab of Example 1 
Tab/e 2 Extent of iterations between present scheme and the con- 
ventional MNR beam P,, in Figure 5 
Model 
Load Total load Average 
increment increments to Total iterations per 
at% serviceability iterations increment 
MNR a = 0.2 17 340 20 
Present a = 0.2 17 44 2.6 
Table 3 Iteration details for beam-and-slab of Example 1 
ing high accuracy. As can be seen in the sample output 
at load 0.0151 N/mm2 in the Appendix, the displace- 
ments along the centre span line are all within 1% of 
one another. 
Top-flange concrete strain measured by demec gauges 
on the exposed mid-side faces are compared with the 
numerical predictions in Figure 6(c). In relation to the 
steel strains at mid-span, the concrete strains remained 
very low up to the yielding of steel; the strains were less 
than 0.1% in the concrete. 
Load level 
R 
(N/mm’) 
0.00009 
0.00549 
0.00603 
0.00630 
0.00657 
0.00684 
0.00711 
0.00738 
0.00765 
0.00792 
0.00819 
0.00864 
0.00873 
0.00900 
No. of 
iterations 
0 
2 
0 
1 
3 
0 
0 
1 
1 
2 
1 
2 
3 
4 
Load level 
R 
(N/mm’) 
0.00927 
0.00954 
0.00981 
0.0101 
0.0103 
0.0106 
0.0109 
0.0112 
0.0114 
0.0117 
0.0120 
0.0122 
0.0125 
0.0128 
No. of 
iterations 
2 
1 
3 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
Load level 
R 
W/mm’) 
0.0130 
0.0133 
0.0136 
0.0139 
0.0141 
0.0144* 
0.0145t 
0.0146 
0.0147 
0.0148 
0.0149 
0.0150 
0.0151 
0.0152 
No. of 
iterations 
1 
2 
1 
3 
1 
1 
3 
1 
2 
1 
0 
0 
1 
0 
* First yielding of steel at base of beam in element 34 
t Yielding of steel in L-beam under element 31. 
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Conclusions 
A formal cr-constant acceleration method in a K,-model 
of the K,-solution has been presented for elastoplastic 
analysis. The standpoint has been that stress con- 
vergence is possible, but displacement convergence has 
to be enforced by estimable pseudo-balancing forces if 
loading progresses in a situation involving material 
yield history. This pseudo-balancing force system, Fba, 
also serves to define a unique failure criterion for the 
structure; this happens when Fba, grows to be of the 
same order as the externally applied loading. 
The a-constant acceleration principle was employed 
in earlier studies,4*‘2 where several examples were 
reported, indicating, on average, only three iterations 
per load increment for problems of skewed bridge slabs, 
among others. The present modified model, incorpo- 
rating a truer modelling of the classical tangent stiffness 
Newton-Raphson method using a constant initial 
stiffness matrix, has been applied to the analysis of a 
beam-and-slab deck, and only one to four iterations per 
load increment were made over a total of 48 load 
increments. The present K,-modelling of the K, solution 
is quite different from the MNR method in its conven- 
tional form; the latter has no unique failure condition, 
which the present method possesses. The MNR method, 
as indicated in Table 2, requires over 10 times as many 
iterations as have been found adequate in the present 
accelerated scheme. 
In the context of the pseudo-balancing force, Fbal. 
called upon to enforce displacement equilibrium, the 
present accelerated K,-model of the K, solution is 
absolutely convergent in both stresses and short-term 
displacements. 
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Nomenclature 
C 
D 
B 
K 
flf 
AK; 
K, 
d, ~3 E 
R, a 
F Ak 
F bal 
basic constitutive matrix elements 
depthwise integrated constitutive matrix 
integrated position/area matrix for an element 
stiffness matrix 
lost stiffness due to inelastic action 
incremental stiffness loss due to loss in C 
incremental stiffness loss due to change in posi- 
tions following plastic action 
plastic-relaxation stiffness 
displacement, stress, and strain vectors 
vector of externally applied loading; loading 
rate 
vector of force equivalent of stiffness losses 
vector of pseudo-balancing force enforcing dis- 
placement convergence 
P res cyclic residual force in the conventional MNR 
iteration 
2: 
limiting strength of reinforcement steel 
limiting compressive strength of concrete 
f,, tensile strength of concrete 
H hardening parameter 
h thickness of section 
p multiplier giving equivalent higher current dis- 
placements from preceding displacement vector 
+ symbol meaning “normal to a yielding surface” 
E Young’s modulus of elasticity 
V Poisson’s ratio 
r steel reinforcement ratio 
Subscripts 
0 initial 
t tangent 
m element 
P plastic 
e elastic 
ep elastoplastic 
int intermediate 
2 
yield 
displacement 
cr crack 
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Appendix: Sample Output at R = 0.0151 N/mm2 
ITERATIONS= 1 
DIIMAX 0.930E-02 
NCRACKS 116 
TOTFACTLOAD 0.169E 03 
TOTAL ITERATIONS= 1 
TOTAL UDL GENERAL= O.l51E-01 
TOTAL CENTRAL POINT LOAD= O.OOOE 00 
TOTAL=Y=PRESTRESS= O.OOOE 00 
TOTAL=X=PRESTRESS= O.OOOE 00 
LOAD COUNT= 46. 
POSITION 
1 
2 
3 
4 
5 
6 
7 
25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
0.4586E-01 0.1426E 00 
POINT LOAD 
C.OOOOE 
0.3392E-01 0.1892E 00 
00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE CO 
O.OOOOE 00 
0.0000E 00 
C.OOOOE 00 
O.OOOOE 00 
TOTAL DEFLECT11 
u V 
O.OOOOE 00 0.2033E 00 
C.OOOOE 00 0.1837E 00 
O.OOOOE 00 0.2854E 00 
O.OOOOE 00 0.1805E 00 
O.OOOOE 00 0.1947E 00 
O.OOOOE 00 0.1784E 00 
O.OOOOE 00 0.1685E 00 
0.8687E-01 0.2058E 00 
0.6173E-01 0.1962E 00 
0.8540E-02 0.1888E 00 
0.6085E-02 0.1937E 00 
O.OOOOE 00 0.1917E 00 
0.2429E-01 0.2221E 00 
C.l242E-01 0.2546E 00 
0.9241E-02 0.1139E 00 
0.9491E-02 0.2654E 00 
-0.7217E-02 0.2331E 00 
-0.3824E-02 0.2517E 00 
O.OOOOE 00 0.2559E 00 
-0.1659E 00 0.1572E 00 
-0.9473E-01 0.1669E 00 
-0.8515E-01 0,9769E-01 
-0.7534E-01 0.1720E 00 
t?.4553E-02 0.1659E 00 
-0.3327E-02 0.1794E 00 
O.OOOOE 00 0.1833E 00 
-0.1074E 00 0.5731E-01 
-.0.5381E-01 0.4177E-01 
-0.5937E-01 0.1458E 00 
-0.6544E-01 0.3756E-01 
0.3927E-02 0.4020E-01 
-0.4642E-02 0.4226E-01 
O.OOOOE 00 0.4467E-01 
0.5859E-01 0.5005E-02 
0.3408E-01 0.5755E-02 
C_2496E-01 0.9614E-01 
O.l991E-01 -0.4381E-02 
-O.l137E-01 -0.6260E-02 
-0.3722E-02 -O.l173E-01 
O.OOOOE 00 -O.l120E-01 
0.2757E-02 O.OOOOE 00 
C.8868E-03 O.OOOOE 00 
0.6911E-02 O.OOOOE 00 
O.l684E-01 O.OOOOE 00 
0.9643E-02 O.OOOOE 00 
0.8533E-02 O.OOOOE 00 
O.OOOOE 00 O.OOOOE 00 
STRAINM 0.978E-02 
SAME LOAD IhCRF 
3NS 
0.5938E 01 
W 
O.OOOOE 00 
O.OOOOE 00 
0.6000E 01 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
0.5930E 01 
0.5997E 01 
0.5937E 01 
0.5918E 01 
0.5912E 01 
0.1127E 02 
0.1129E 02 
0.1129E 02 
0.1130E 02 
0.1129E 02 
0.1130E 02 
0.1130E 02 
0.1579E 02 
0.1575E 02 
0.1581E 02 
0.1577E 02 
0.1582E 02 
0.1582E 02 
0.1583E 02 
0.1921E 02 
0.1918E 02 
0.1917E 02 
0.1920E 02 
0.1924E 02 
0.1924E 02 
0.1924E 02 
0.2137E 02 
0.2140E 02 
0.2139E 02 
0.2141E 02 
0.2140E 02 
0.2140E 02 
0.2140E 02 
0.2208E 02 
0.2213E 02 
0.2216E 02 
0.2215E 02 
0.2211E 02 
0.2210E 02 
0.2210E 02 
DW/DX 
-0.2736E-03 
0.5026E-03 
-0.2186E-04 
-0.5204E-03 
0.3039E-03 
0.4193E-03 
O.OOOOE 00 
O.l546E-02 
0.2909E-02 
-O.l131E-04 
-0.2696E-02 
-O.l479E-02 
-0.8434E-03 
O.OOOOE 00 
O.l149E-03 
0.8157E-03 
O.l254E-03 
-0.5791E-03 
0.3046E-03 
O.l038E-03 
O.OOOOE 00 
-0.4223E-03 
-0.2446E-02 
0.2336E-03 
0.2772E-02 
0.6028E-03 
0.9776E-04 
O.OOOOE 00 
-O.l897E-03 
-O.l699E-02 
0.2050E-03 
0.2242E-02 
0.414OE-03 
-0.7946E-04 
O.OOOOE 00 
0.4614E-03 
0_1347E-02 
0.208OE-03 
-0.9882E-03 
0.2967E-04 
O.l228E-03 
O.OOOOE 00 
0_1368E-02 
0.2286E-02 
O.l523E-03 
-O.l708E-02 
-0.8872E-03 
-0.2740E-03 
O.OOOOE 00 
DW/DY 
0.2393E-.Ol 
0.2467E-01 
O.l305E-Cl 
0.2455E-01 
0.2385E-.Ol 
0.2516E-01 
0.2596E--01 
0.2108E-01 
0.2150E-01 
O.l945E-01 
0.2159E-Cl 
0.2117E-01 
0.2120E-Cl 
0.2136E-01 
O.l930E-Cl 
O.l955E-01 
0.3176E-01 
O.l947E-01 
O.l929E-Cl 
O.l825E-01 
O.l786E-01 
O.l531E-01 
O.l543E-Cl 
O.l778E-01 
O.l551E--01 
O.l537E-01 
O.l484E-01 
O.l467E-01 
O.l120E-01 
O.l083E-01 
O.l921E-02 
O.l071E-01 
O.llOlE-01 
O.l092E-01 
O.l090E-01 
0.5797E-02 
0.5301E-02 
O.l902E-02 
0.5365E--02 
0.5946E-02 
0.6074E-02 
0.6127E-02 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.OOOOE 00 
O.GOOnE 00 
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